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Appendix B: Surface Water Resources of the Integrated
Plan

This appendix contains a description of the surface water resources of the Integrated Plan area, which
was originally provided as Appendix A to the following document: Integrated Plan: Briefing
Memorandum for April 29, 2013, Expert Panel Meeting. Briefing Memorandum on Stormwater and CSO
Project Evaluation and Exposure Assessment Methods. April 22, 2013. Revised May 23.
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List of Abbreviations

Term

cfs
Corps
cPAH
CsoO
Ecology
EPA
ft/s
MTCA
PAH
PCB

Definition

cubic feet per second

U.S. Army Corps of Engineers

carcinogenic polycyclic aromatic hydrocarbon
combined sewer overflow

Washington State Department of Ecology
U.S. Environmental Protection Agency
foot/feet per second

Model Toxics Control Act

polycyclic aromatic hydrocarbon
polychlorinated biphenyl
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Figure 1. Receiving water bodies and drainage basins
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Uses

Aquatic Life: Freshwater

Aquatic Life: Marine

Recreational:
Freshwater

Recreational:
Marine

Water
Supply

Miscellaneous

Surface water criteria
relevant to use designation®

Numeric for temperature, turbidity,

dissolved oxygen, total dissolved
gases, pH, and toxic substances;
also narrative

Numeric for temperature,
turbidity, dissolved oxygen,
pH, and toxic substances;
also narrative

Numeric for fecal bacteria;

also narrative

Narrative only

Narrative only

Use designation

Char Spawning/ Rearing
Core Summer Habitat
Spawning/Rearing
Rearing/Migration Only
Redband Trout

Warm Water Species

Extraordinary
Excellent
Good

Fair

Extra. Primary Contact

Primary Contact
Secondary Contact

Shellfish Harvesting

Primary Contact

Secondary Contact

Domestic Water
Industrial Water

Agricultural Water

Stock Water

Wildlife Habitat

Harvesting

Commerce/Navigation

Boating

Aesthetics

Puget Sound?

Elliott BayID

Lake Washington

Ship Canal/Lake Union®

Duwamish River®

Longfellow Creek

Thornton Creek

Piper’s Creek

1. Surface water criteria:

173 201A 200: freshwater numeric for aquatic life uses (temperature, turbidity, dissolved oxygen, total dissolved gas, and pH) and for recreation (fecal bacteria)
173 201A 210: marine numeric for aquatic life uses temperature, turbidity, dissolved oxygen, and pH) and for recreation/shellfish harvest (fecal bacteria)
173 201A 220: lake nutrient criteria (miscellaneous uses: aesthetics)
173 201A 240: toxic substances (aquatic life uses for freshwater and marine acute and chronic criteria)
173 201A 250: radioactive substances (relevant to all uses)
173 201A 260: natural conditions and other water quality criteria and applications (narrative criteria relevant to all designated uses)
Excerpts from WAC 173-201A Surface Water Standards for the State of Washington, Table 602:

a. Puget Sound through Admiralty Inlet and South Puget Sound, south and west to longitude 122°52'30"W (Brisco Point) and longitude 122°51'W (northern tip of Hartstene Island).

b. Elliott Bay east of a line between Pier 91 and Duwamish Head.

c. Lake Washington Ship Canal from Government Locks (river mile 1.0) to Lake Washington (river mile 8.6).
d. Duwamish River from mouth south of a line bearing 254° true from the NW corner of berth 3, terminal 37 to the Black River (river mile 11.0) (Duwamish River continues as the Green River

above the Black River).
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Table 2. Washington Department of Ecology Water Quality Assessment (303(d) Listings)

Source: http://www.ecy.wa.gov/programs/wg/links/wg_assessments.html

Water body Impairment: 303(d) Category 5 Listing

Duwamish Waterway Fecal Coliform (water column)

Dissolved Oxygen (water column)
PCB (tissue)

Dieldrin (tissue)

HPAH (tissue)

Numerous Sediment Listings

Lake Washington Total Phosphorus (water column)

Fecal Coliform (water column)
2,3,7,8-TCDD (tissue)

PCB (tissue)

4,4'DDD (tissue)

4,4'DDE (tissue)

Total Chlordane (tissue)

Puget Sound/Elliot Bay Fecal Coliform (water column)
PCB (tissue)

2,3,7,8-TCDD (tissue)

Total Dioxins (tissue)

Total Furans (tissue)

Benz(a)anthrecene (tissue)

Benzo(a)pyrene (tissue)

Benzo(b)fluoranthene (tissue)

Benzo(k)fluoranthene (tissue)

Chrysene (tissue)

Indeno(1,2,3-cd)pyrene (tissue)

Dibenzo(a,h)anthracene (tissue)

Ship Canal/Lake Union Total Phosphorus (water column)

Lead (water column)

Aldrin (water column)

Fecal Coliform (water column)

Thornton Creek Dissolved Oxygen (water column)

Temperature (water column)

Fecal Coliform (water column)

Longfellow Creek Fecal Coliform (water column)

Dissolved Oxygen (water column)

Piper’s Creek No 303(d) Category 5 Listings. Listed 4a for Fecal Coliform

Summary - 4
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Lower Duwamish Waterway

The Duwamish River originates at the confluence of the Green and Black rivers near Tukwila and flows northwest
for approximately 12 miles, splitting at the southern end of Harbor Island to form the East and West waterways,
prior to discharging into Elliott Bay. The downstream portion of the Duwamish Waterway, located in Seattle,
serves as a major shipping route for bulk and containerized cargo, and the shoreline along the majority of the
lower Duwamish River (i.e., the reach downstream of the Upper Turning Basin, about 5.5 miles in length) has
been developed for industrial and commercial operations. A portion of the lower Duwamish River is maintained as
a federal navigation channel by the U.S. Army Corps of Engineers (Corps).

The Green River, which is the main freshwater source for the lower Duwamish Waterway, originates in the
Cascade Mountains near Stampede Pass and is impounded by the Howard Hanson Dam and the Tacoma
Headworks Dam. Between 2000 and 2006, the annual average flow rate measured at the Auburn gauging station
was 1,190 cubic feet per second (cfs), and ranged from 851 to 1,549 cfs. Approximately 80 percent of the water in
the Duwamish River eventually flows through the West Waterway because of a sill at the south end of the East
Waterway. Flow rates are greatest during the winter months because of seasonal precipitation and lowest
throughout the late summer dry season. Water circulation within the lower Duwamish River is driven by tidal
actions and river flow; the relative influence of each is highly dependent on seasonal river discharge volumes.

Consent Decree Information

Table 1 lists the State of Washington use designations and Table 2 lists the State of Washington 303(d)
Impairments for the Duwamish River.

The Duwamish River is listed as secondary contact recreation; there are no monitored swimming beaches on the
Duwamish River and therefore there is no information on beach closures.

The Lower Duwamish Waterway is listed as a Superfund Site under Comprehensive Environmental Response,
Compensation, and Liability Act (CERCLA) (EPA, 2013) and as a Model Toxics Control Act (MTCA) site (Ecology,
2013b). The CERCLA and MTCA listings are for sediments in the river that contain a wide range of contaminants
associated with industrial activity. The contaminants include polychlorinated biphenyls (PCBs), carcinogenic
polycyclic aromatic hydrocarbons (cPAHS), arsenic, and chlorinated dioxins and furans.

The Duwamish River is listed as Critical habitat for the following Proposed, Threatened, and Endangered species
(City of Seattle, 2012):

Chinook Salmon (Oncorhynchus tshawytscha) are listed as a Threatened species.
Coastal-Puget Sound Bull Trout (Salvelinus confluentus) are listed as a Threatened species.

Puget Sound Steelhead (Oncorhynchus mykiss) are listed as a Threatened species; however, no Critical
habitats are designated at this time.
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Lake Washington

Lake Washington is the second-largest natural lake in the state, with a surface area of 21,500 acres and a
watershed of 472 square miles. Overall, almost two-thirds of the land use in the Lake Washington watershed has
been converted to residential, commercial, or industrial uses (King County, 2009). Historically, Lake Washington
drained to the south through the Black River to the Duwamish River and Puget Sound. In 1912, the Cedar River
was diverted into Lake Washington from its original discharge into the Duwamish River. In 1916, construction of
the Lake Washington Ship Canal system diverted Lake Washington'’s outlet from the Black River to Shilshole Bay
(Chrzastowski, 1983).

Lake Washington’s two major influent streams are the Cedar River at the southern end, and Lake Sammamish via
the Sammamish River from the north. In addition, numerous small streams enter Lake Washington.

The Lake Washington basin is a deep, narrow, glacial trough with steeply sloping sides. The Corps maintains
daily lake elevations to within 0.01 foot. The summer high-water level is 22 feet mean sea level; the lake is
lowered approximately 2 feet during the winter to minimize shoreline erosion and property damage and to allow
dock and other facility maintenance (Chrzastowski, 1983; Corps, 2012a, 2012b).

The mean depth of the lake is 108 feet with a maximum depth of 214 feet (King County, 2009). The average
water-residence time in Lake Washington is currently about 2.3 years, which is about half of its historical flushing
rate of 5 years (Chrzastowski, 1983). This change in replacement rate was caused by construction of the Lake
Washington Ship Canal system and diversion of the Cedar River into the lake.

Consent Decree Information
Table 1 lists the State of Washington use designations and Table 2 lists the State of Washington 303(d)
Impairments for Lake Washington.

King County (King County, 2013) monitors swimming beaches along the shore of Lake Washington once per
week from May through September to determine the fecal coliform level and to inform the public on the risks to
swimmers. There are seven monitored beaches in the city of Seattle on Lake Washington and over the period of
1996-2012 there have been 39 beach closures.

At this time there are no CERCLA or MTCA listings for Lake Washington in the waters adjacent to Seattle (EPA,
2013 and Ecology, 2013b).

Lake Washington is listed as Critical habitat for the following Proposed, Threatened, and Endangered species
(City of Seattle, 2012):

Chinook Salmon (Oncorhynchus tshawytscha) are listed as a Threatened species.
Coastal-Puget Sound Bull Trout (Salvelinus confluentus) are listed as a Threatened species.

Puget Sound Steelhead (Oncorhynchus mykiss) are listed as a Threatened species; however, no Critical
habitats are designated at this time.
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Puget Sound

Puget Sound is a fjord-like estuary that consists of a series of underwater valleys and ridges (called basins) and
submerged hills (called sills). Sills impede the flow of water in and out of the Sound and also induce vertical
mixing as water moves over the sill. Puget Sound consists of four major interconnected basins: the Main
(Admiralty Inlet and the Central Basin), Whidbey, Southern, and Hood Canal Basins (King County, 2009). All of
Seattle’s marine combined sewer overflows (CSOs) and stormwater outfalls discharge to the Central Basin. The
Central Basin has near-oceanic salinity throughout the year and is supplemented with cold, nutrient-rich, low-
oxygenated deep oceanic water upwelled off the Washington coast during the late summer months. The Central
Basin contains water depths up to 932 feet. Freshwater flows influence water circulation in the Central Basin as
the amount of freshwater input varies seasonally and affects water temperature, salinity, and density, which then
determines stratification of the water column. Water column stratification can affect biological populations by
trapping nutrients and/or affecting vertical migration through the water column. Freshwater input into rivers is
mainly through rainfall; however, snowmelt also contributes a large source in later spring and early summer.

The two main freshwater inputs to the Central Basin are the Green/Duwamish River, which enters Elliott Bay, and
the Cedar River (Lake Washington drainage basin), which flows into the Sound primarily through the Lake
Washington Ship Canal. Because flows in the Lake Washington drainage basin and the Green River are
regulated, snowmelt does not increase the flows in these river systems to the extent that it does in unregulated
systems and has little effect on salinity and stratification near the river mouths.

Water circulation in the Central Basin is dominated by tidal currents and generally consists of a two-layered flow,
with incoming, saltier oceanic water flowing along the bottom and a fresher, less dense water layer flowing out at
the surface. Salty, cold, dense waters enter Puget Sound at depth through Admiralty Inlet. A portion flows south in
the Central Basin while the other portion flows northeast through Possession Sound to the Whidbey Basin. Water
tends to flow faster on the eastern side of the Central Basin near Alki Point and Point Wells and along the western
side near Point Monroe and north of Kingston, where major topographic features affect the currents (Ebbesmeyer
and Cannon, 2001). The residence time of water in the Central Basin is about 48 days, depending upon the time
of year (King County, 2009). Amplitudes of tidal currents in the Central Basin are about 1.6 feet per second (ft/s).
Estuarine circulation is important for transporting water masses and is typically up to about 0.3 ft/s, but can be
higher during storms and bottom-water saltwater intrusion from Admiralty Inlet (Ebbesmeyer et al., 2002).

Consent Decree Information

Table 1 lists the State of Washington use designations and Table 2 lists the State of Washington 303(d)
Impairments for Puget Sound.

There around 21 official beach/water access locations within Seattle for Puget Sound. Of these, the State of
Washington monitors four within the city of Seattle from Memorial Day to Labor Day each year. There were 13
beach closures for the period of 2004—10 (Ecology, 2013a).

At this time there are no CERCLA or MTCA listings for Puget Sound in the waters adjacent to Seattle (EPA, 2013
and Ecology, 2013b).

3-1



Puget Sound is listed as Critical habitat for the following Proposed, Threatened, and Endangered species
occurring within Puget Sound adjacent to Seattle (City of Seattle, 2012):

Chinook Salmon (Oncorhynchus tshawytscha) are listed as a Threatened species, with the inshore and
offshore habitat (to depths of 98 feet) listed as Critical habitat.

Coastal-Puget Sound Bull Trout (Salvelinus confluentus) are listed as a Threatened species, with the inshore
and offshore habitat (to depths of 33 feet) listed as Critical habitat.

Killer Whale (Orcinus orca) are listed as Endangered, with all waters greater than 20 feet deep listed as
Critical habitat.

Puget Sound Steelhead (Oncorhynchus mykiss) are listed as a Threatened species; however, no Critical
habitats are designated at this time.
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Elliott Bay

Elliott Bay, part of Puget Sound, is a partially enclosed embayment that is surrounded on the north, east, and
south sides by urbanized areas. The eastern shoreline borders downtown Seattle and has been heavily modified
from historical conditions. Most of the shoreline is armored, generally with rock, riprap, and/or bulkheads. Much of
the southern and eastern waterfront land area was created by filling in what was once intertidal habitat by
constructing bulkheads. As a result, the shoreline is much steeper than a natural shoreline. Harbor Island, located
in the southern portion of the bay, is a man-made island completed in 1909.

Other than a few intertidal areas, depths in Elliott Bay range from about 33 feet to slightly over 490 feet near the
western portion of the bay. The eastern and western (from Duwamish Head south of Seacrest Park) shorelines
have steep slopes, and the middle of the bay has deep, flat areas.

Consent Decree Information

Table 1 lists the State of Washington use designations and Table 2 lists the State of Washington 303(d)
Impairments for Elliott Bay.

Information on Beach closures for Elliott Bay is included in the Puget Sound section above.

At this time there are no CERCLA or MTCA listings for Elliott Bay in the waters adjacent to Seattle (EPA, 2013
and Ecology, 2013b).

Elliott Bay, like Puget Sound, is listed as Critical habitat for the following Proposed, Threatened, and Endangered
species occurring within Puget Sound adjacent to Seattle (City of Seattle, 2012):

Chinook Salmon (Oncorhynchus tshawytscha) are listed as a Threatened species, with the inshore and
offshore habitat (to depths of 98 feet) listed as Critical habitat.

Coastal-Puget Sound Bull Trout (Salvelinus confluentus) are listed as a Threatened species, with the inshore
and offshore habitat (to depths of 33 feet) listed as Critical habitat.

Killer Whale (Orcinus orca) are listed as Endangered, with all waters greater than 20 feet deep listed as
Critical habitat.

Puget Sound Steelhead (Oncorhynchus mykiss) are listed as a Threatened species; however, no Critical
habitats are designated at this time.
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Ship Canal/Lake Union

The Lake Washington Ship Canal system is an 8.6-mile-long (13.8-kilometer-long) man-made navigable
waterway connecting Shilshole Bay in Puget Sound to Union Bay in Lake Washington in Seattle. This system
includes the following interconnected waterways:

Hiram M. Chittenden Locks (Ballard Locks)
Salmon Bay

Salmon Bay Waterway

Fremont Cut

Lake Union

Portage Bay

Montlake Cut

Lake Union is a freshwater lake with a maximum depth of 50 feet. The lake receives most of its inflow from Lake
Washington via the Montlake Cut and Portage Bay. Lake Union discharges to the Puget Sound Central Basin via
the Hiram Chittenden Locks. At certain times of the year the lake has a significant amount of salt water near the
bottom because of saltwater intrusion entering from the Ballard Locks.

Water circulation patterns in Lake Union are complex and affected by several factors, such as saltwater intrusion,
freshwater flows from Lake Washington, wind, and temperature and density stratification. Lake Union exhibits a
general pattern of winter flushing and summer stratification. The water in Lake Union is completely replaced about
once per week during high freshwater flows in the winter (King County, 2012b), but there is a significant amount
of short circuiting of flow, where the inflowing water does not completely flush southern portions of the lake.
During the dry summer months, water movement from Lake Washington into Lake Union decreases by over 90
percent compared to peak winter flows (Herrera, 1993).

As the flow from Lake Washington decreases, the water temperature in Lake Union rises and saltwater moves
into the lake from the Ballard Locks. This results in a stratified water column with colder, saltier water on the
bottom and warmer fresh water at the surface. The saltwater intrusion begins around May and continues through
the summer until around November, when rainfall increases freshwater flow into the lake and flushes out salt
water.

Consent Decree Information
Table 1 lists the State of Washington use designations and Table 2 lists the State of Washington 303(d)
Impairments for Lake Union.

There are no monitored swimming beaches on Lake Union and therefore there is no information on beach
closures.

Gas Works Park is located on the north shore of Lake Union and is listed by the Washington Department of
Ecology as a MTCA site (Ecology, 2013b). Gas Works is now a City of Seattle park but prior to this use it was the
location of a plant that converted coal and oil into manufactured gas. The sediments off the shore of Gas Works
Park contain polycyclic aromatic hydrocarbons (PAHS), which are currently undergoing study to determine the
best cleanup remedy.
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The Lake Washington Ship Canal/Lake Union is listed as Critical habitat for the following Proposed, Threatened,
and Endangered species (City of Seattle, 2012):

Chinook Salmon (Oncorhynchus tshawytscha) are listed as a Threatened species.
Coastal-Puget Sound Bull Trout (Salvelinus confluentus) are listed as a Threatened species.

Puget Sound Steelhead (Oncorhynchus mykiss) are listed as a Threatened species; however, no Critical
habitats are designated at this time.
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Thornton Creek

The Thornton Creek watershed is the largest drainage basin within Seattle, draining 7,120 acres or 11.1 square
miles. The watercourse headwaters are located in northeast Seattle and the city of Shoreline, flowing generally
south and east before discharging to Lake Washington. The drainage system is the longest within the city of
Seattle, with nearly 20 miles of watercourse channel length contained in two main branches, the main stem, and
20 tributaries (City of Seattle, 2007).

The north branch of Thornton Creek originates at the Ronald bog in the city of Shoreline and flows 5 miles
southeast through Seattle’s Jackson Park golf course and the Lake City Way commercial area. This branch drains
7 square miles, or 60 percent of the watershed. The south branch, also known as Maple Leaf Creek, drains a
watershed of 3.8 square miles, or 33 percent of the watershed. The south branch originally began in wetlands in
the Northgate—North Seattle Community College—Interstate-5 area, but the headwaters were extensively filled
during development of the area. Consequently, the south branch now begins at a reach that has been recently
uncovered and restored in the Northgate shopping center, and flows 2.3 miles before joining the north branch.

The north and south branches converge just upstream of Meadowbrook pond near 35th Avenue NE and NE
107th Street. The main stem of Thornton Creek drains a small portion (7 percent) of the watershed and flows
southeast approximately 1.4 miles before emptying into Lake Washington at Matthews Beach. The Thornton
Creek watershed is the most extensively developed of Seattle’s five major watercourse basins. Most of the
development is residential with some areas preserved as park land or open space.

Thornton Creek flows throughout the year, with mean annual flows of 13 and 12 cfs at the mouth for water years
2004 and 2005, respectively (City of Seattle, 2007). The peak flows recorded for water years 2004 and 2005 were
539 cfs and 129 cfs, respectively (based on 15-minute data), and the 7-day low flows were 3.9 and 3.6 cfs,
respectively. A high-flow bypass at Meadowbrook Pond can divert up to 350 cfs directly to Lake Washington and
dampen storm flow peaks at the mouth of Thornton Creek. Thornton Creek has no City of Seattle CSOs
discharging into the creek but does have numerous stormwater outfalls.

Consent Decree Information
Table 1 lists the State of Washington use designations and Table 2 lists the State of Washington 303(d)
Impairments for Thornton Creek.

There are no monitored swimming beaches on Thornton Creek and therefore there is no information on beach
closures.

At this time there are no CERCLA or MTCA listings for Thornton Creek in Seattle (EPA, 2013 and Ecology,
2013b).

Thornton Creek does not contain any Critical habitat for Threatened or Endangered species.
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Longfellow Creek

Seattle’s second-largest watershed, the Longfellow Creek basin, is located in West Seattle. The Longfellow
watershed covers 1,729 acres, or 2.7 square miles, with 4.6 miles of watercourse length (City of Seattle, 2007).
The structure of Longfellow Creek is very different from the other major Seattle watercourses; the watercourse is
dominated by a single channel with a few short tributaries. The watercourse includes 3.9 miles of main channel,
one-third of which (6,350 feet) is piped, and 0.7 mile of tributaries.

Longfellow Creek is relatively flat compared to other major watercourses in Seattle. The watercourse flows
through the broad Delridge Valley, which prior to urbanization would have allowed wide meandering of the stream
and extensive valley bottom wetlands (City of Seattle, 2005). Longfellow Creek flows from south to north,
dropping 250 feet in elevation from its headwaters near the southern city limits to its mouth at the Duwamish River
near Harbor Island. The watercourse discharges to the Duwamish River through a 3,250-foot-long culvert.

The Longfellow watershed is heavily developed with residential, industrial, and commercial uses. Urbanization
increases the amount of impervious surface area in the watershed, which drains stormwater to watercourses
more quickly and causes higher-than-normal peaks in flow. These peaks rise and fall rapidly and produce a
characteristic flashiness in the watercourse’s hydrograph. The areas that have the highest potential to contribute
large storm flows quickly are located in the upper portion of the basin (City of Seattle, 2007). Although the upper
portion of the basin has the lowest gradient, it is characterized by high levels of impervious surfaces and some
areas with low permeability. Based on limited flow data collected from November 2004 through December 2005,
the peak flow on Longfellow Creek was 45 cfs with a 7-day low-flow rate of 0.4 cfs (City of Seattle, 2007).
Longfellow creek has numerous stormwater outfalls and two City of Seattle CSO outfalls discharging into the
creek.

Consent Decree Information
Table 1 lists the State of Washington use designations and Table 2 lists the State of Washington 303(d)
Impairments for Longfellow Creek.

There are no monitored swimming beaches on Longfellow Creek and therefore there is no information on beach
closures.

At this time there are no CERCLA or MTCA listings for Longfellow Creek in Seattle (EPA, 2013 and Ecology,
2013b).

Longfellow Creek does not contain any Critical habitat for Threatened or Endangered species.
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Piper’'s Creek

The Piper’s Creek watershed covers 1,604 acres, or 2.5 square miles, in northwest Seattle. Piper’'s Creek is the
third-largest watershed in the city, and is just under one-quarter the size of the largest watershed, Thornton
Creek. The main stem channel is roughly 2 miles in length, with an additional 3 miles in tributaries, including one
major tributary (Venema/Mohlendorph) and 13 minor tributaries.

The watershed has three distinct zones: a gently rolling upland plateau, an area of steep-walled ravines, and a
low gradient valley. The headwaters of Piper's Creek originate on the upland plateau, and the watercourse enters
Carkeek Park as it drops down from the plateau through a steep ravine. Once on the low-gradient valley, the
watercourse discharges to Puget Sound. Piper’s Creek is perennial with average flows of 3 to 9 cfs.

Historically, the Piper’'s Creek watershed was a heavily forested drainage but urbanization has developed nearly
90 percent of the watershed into residential (59 percent), transportation, and commercial areas (31 percent), with
the remainder in parks (10 percent).

Consent Decree Information

Table 1 lists the State of Washington use designations for Piper’s Creek. There are no 303(b) Category 5 listings
for Piper’s Creek.

There are no monitored swimming beaches on Longfellow Creek and therefore there is no information on beach
closures.

At this time there are no CERCLA or MTCA listings for Piper's Creek in Seattle (EPA, 2013 and Ecology 2013b).

Piper's Creek does not contain any Critical habitat for Threatened or Endangered species.
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